ABSTRACT
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) results from hepatic fat accumulation in the absence of quantities of alcohol and any secondary cause and plays an important role in the development of the metabolic syndrome. [1] [2] [3] [4] It is the most common chronic liver disease in Western countries, affecting 31% of the general population in South America, and recently one meta-analysis reports that it is the relatively high prevalence of NAFLD found in the Asian population (27%). 2 5 6 The prevalence rate of NAFLD in the general population of China varies from 24.77% to 43.91% in recent years. 6 7 NAFLD is recognised as a major cause of liver-related morbidity and mortality, where the mortality accrues from cirrhosis. Furthermore, NAFLD also can increase the risk of cardiovascular disease, type 2 diabetes and chronic kidney disease. [8] [9] [10] Strengths and limitations of this study ▪ This is the first and largest study to investigate the relationship between low-density lipoprotein cholesterol within the normal range and nonalcoholic fatty liver disease (NAFLD) in a nonobese Chinese population. ▪ Stratified and subgroup analysis was used in this study to gain a deep understanding of the relationship. ▪ The main limitation of this study did not allow for the examination of insulin levels and insulin resistance, although insulin resistance may be closely associated with NAFLD in non-obese individuals.
Obesity, as classified by the body mass index (BMI), has become a worldwide concern reaching epidemic proportions. In the USA, obesity is defined by a BMI of more than 30 kg/m 2 . Although BMI and waist circumference can best predict some metabolic disorders, only 2-3% of Asians are classified as obese by current Western criteria. 11 Therefore, this cut-off is not universal, and different classifications exist based on racial phenotypic characterisations. The recommended BMI cut-off values for Asians for overweight are 23-25 kg/m 2 , and for obesity more than 25 kg/m 2 , according to the new BMI criteria for Asians by the regional office for Western Pacific Region of WHO. [12] [13] [14] Obesity is a well-known risk factor for the development of NAFLD, and NAFLD is now recognised as one of the most prevalent manifestations of obesity-related metabolic syndrome (MS). 15 However, growing evidence has shown that the prevalence rate of NAFLD in populations who are not obese is not uncommon. This may be the case especially in Asian countries, in which the people are generally less obese than those in Western countries and the prevalence of NAFLD is increasing with time. 16 Studies have shown that about 15-21% of the Asian patients with NAFLD are non-obese; the proportion of non-obesity in Asians with NAFLD ranged between 11% in Taiwan, 17 24% in Korea 18 and 75% in India. 19 Dyslipidaemia is a co-morbidity in the setting of NAFLD and results in hypertriglyceridaemia, reductions in high-density lipoprotein cholesterol (HDL-c), an increase in the size of very low-density lipoprotein and low-density lipoprotein cholesterol (LDL-c). 20 Moreover, an increasing number of studies have proved that LDL-c is associated with NAFLD and the development of nonalcoholic steatohepatitis (NASH). [21] [22] [23] Meanwhile, we have recently proposed that increased levels of LDL-c within the normal range may play a significant role in the prevalence and incidence of NAFLD. 24 To gain a deep understanding of the relationship between NAFLD and normal LDL-c in non-obese patients, we conducted our analyses based on a large general cross-sectional and prospective longitudinal Chinese population.
METHODS

Study design and population
The participants in the cross-sectional and longitudinal studies were individuals who underwent a health examination in Wenzhou Medical Center of Wenzhou People's Hospital from January 2010 to December 2014. The two studies initially enrolled 372 254 participants (339 101 in the cross-sectional group and 33 153 in the longitudinal group), of which 200 076 eligible individuals remained. Since not all individuals met our criteria, the cross-sectional population only consisted of 183 903 populations. The longitudinal population was based on a prospective study and conducted from 33 153 initially NAFLD-free individuals. Finally, a total of 16 173 initially NAFLD-free non-obese individuals were included, who completed the 5-year follow-up examination. Individuals were excluded if they reported excess alcohol consumption (>140 g/week for men and >70 g/ week for women), or had a history of viral hepatitis, autoimmune hepatitis or other known causes of chronic liver disease; a BMI of ≥25 kg/m 2 ; an LDL-c of >3.12 mmol/L; were taking antihypertensive agents, antidiabetic agents or lipid-lowing agents; and were lost to follow-up or their data were missing.
Verbal informed consent was obtained from each participant before their participation in the study. The personal information of participants was erased and replaced by the health examination number. The research protocol of the study was approved by the ethics committee of Wenzhou People's Hospital.
Diagnosis of NAFLD by ultrasonography
The ultrasound criteria for the diagnosis of fatty liver were based on those suggested by the Chinese Liver Disease Association. 25 In general, NAFLD was defined as diffuse enhancement of near-field echo in the hepatic region (stronger than in the kidney and spleen region) and gradual attenuation of the far-field echo, if combined with any of the following: unclear display of intrahepatic lacuna structure; mild-to-moderate hepatomegaly with a round and blunt border; a reduction in the blood flow signal, but the distribution of blood flow is normal; and unclear or non-intact display of envelop of the right liver lobe and diaphragm.
Definition of metabolic syndrome
Metabolic syndrome represents a cluster of physiological and anthropometric abnormalities, requiring ≥3 of the following five factors: (1) waist circumference >90 cm for men, and >80 cm for women and/or BMI >25 kg/m 2 in both genders; (2) serum triglyceride (TG) ≥1.7 mmol/L; (3) HDL-c <1.03 mmol/L for men, <1.29 mmol/L for women; (4) systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg or previously diagnosed; and (5) fasting glucose ≥5.6 mmol/L or previously diagnosed type 2 diabetes.
Data collection
Baseline clinical examinations were performed as described previously. 2 26 In brief, medical history and a health habit inventory were taken by a physician. BMI (kg/m 2 ), used as an index of body fat, was calculated as weight in kilograms divided by height in m 2 . Blood pressure was measured using an automated sphygmomanometer with the participant in a quiet environment and in a sitting position. The biochemical measurements included albumin (ALB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), fasting plasma glucose (FPG), blood urea nitrogen (BUN), creatinine (Cr), uric acid (UA), total cholesterol (TC), TG, HDL-c, and LDL-c. All values were measured by an automated analyser (Abbott AxSYM) using standard methods.
Follow-up and outcome evaluations
The follow-up evaluations were performed annually during the observation period. The procedures for follow-up evaluation were the same as those used at baseline. Hepatic ultrasonic examinations were performed in a blinded manner (as at baseline) to determine the incidence of NAFLD. Blood samples were analysed in the same laboratories at baseline and for measurements at follow-up.
Statistical analysis
In order to derive a deeper understanding of the relationship between a normal range of LDL-c level and the prevalence of NAFLD in the non-obese population, all participants were classified into four groups by quartiles statistically. Quartiles in the cross-sectional and longitudinal populations were categorised separately as follows: Q1: ≤1.92 mmol/L; Q2: 1.93-2.27 mmol/L; Q3: 2.28-2.61 mmol/L; and Q4: 2.62-3.12 mmol/L.
In the cross-sectional non-obese population, the ORs and 95% CIs for NAFLD were calculated after adjusting for known confounding variables across each quartile of LDL-c concentration using multivariate logistic regression analysis. HRs based on Cox's proportional hazards regression and 95% CIs were determined in the longitudinal population analysis. The Kaplan-Meier analysis was applied to calculate the cumulative hazard of NAFLD during the follow-up. Multivariable models included sex, age, BMI, FPG, ALB, ALT, AST, BUN, Cr, TC, TG, HDL-c, SBP, DBP and UA.
Statistical analyses were conducted using the SPSS V.18.0 (SPSS, Chicago, Illinois, USA).
Continuous variables were summarised as mean±SD, and categorical variables were displayed as counts or percentages (%). The characteristics of the study population according to LDL-c quartiles were compared using a one-way analysis of variance (ANOVA) for continuous variables and χ 2 -test for categorical variables. All p values are two sided, and a p value of <0.05 (two tailed) was considered statistically significant.
RESULTS
Characteristics of study participants
A total of 372 254 participants were initially enrolled into the study, of which 200 076 eligible individuals remained (figure 1). In the cross-sectional population, 183 903 non-obese individuals (91 260 men and 92 643 women) were enrolled, of which 25 503 (19 796 men and 5707 women) fulfilled the diagnostic criteria for NAFLD. The individuals with NAFLD were older and had higher BMI, SBP, DBP, FPG, ALB, ALT, AST, BUN, LDL-c, Cr, TC, TG and UA. The prevalence of NAFLD in men was higher than that in women. Furthermore, the NAFLD group had significantly lower HDL-c levels. At baseline, a total of 16 173 initially NAFLD-free nonobese individuals were included, which completed the 5-year follow-up examination. Of the 16 173 eligible participants, 2322 non-obese individuals developed into populations with NAFLD, with higher LDL-c than that measured in normal individuals (2.40±0.45 vs 2.24±0.46, p<0.001). The baseline characteristics of participants in cross-sectional and longitudinal non-obese populations are showed in tables 1 and 2, respectively.
High LDL-c though within the normal range related to prevalence of NAFLD in non-obese Chinese As shown in tables 1 and 2, non-obese individuals with NAFLD have a higher LDL-c than those without NAFLD. The prevalence of NAFLD in the cross-sectional study was significantly higher in the participants with higher LDL-c than in those with lower LDL-c. It is known that NAFLD is intimately linked with MS and its components. However, it is unclear whether non-obese patients with normal LDL-c levels show an association with NAFLD. Our study investigated the prevalence rate of NAFLD in a subgroup analysis with different groups of individuals with a normal LDL-c level. The subgroup analysis included hypertriglyceridaemia (TG<1.7 mmol/L), low HDL-c (<1.03 mmol/L), blood pressure (BP<130/ 85 mm Hg) or FPG (<5.6 mmol/L) and non-MS. The prevalence in most subgroups showed a linear trend increasing from Q1 to Q4 under normal metabolic conditions (figure 2).
To (table 3) . These results suggest that non-obese Chinese patients with higher LDL-c levels are more likely to develop NAFLD than patients with lower LDL-c levels. Figure 3 shows forest plots of OR for quartiles of LDL-c in the cross-sectional non-obese population. A stratified analysis of risk factors for normal and abnormal metabolic conditions all showed a successive increase in OR from Q1 to Q4. However, a higher OR for NAFLD was observed in participants with non-MS or its normal components than those with abnormal conditions (figure 3).
High LDL-c though within the normal range predicts the incidence risk of NAFLD in non-obese Chinese population To investigate if an increased level of LDL-c within the normal range may play a role in the development of NAFLD in the non-obese Chinese population, a longitudinal population was included. A total of 2322 participants developed NAFLD during the follow-up study. The incidence rate of NAFLD in non-MS and its subgroups showed linear increasing trends from Q1 to Q4 (figure 2). The Kaplan-Meier analysis showed that the cumulative incidence of NAFLD increased progressively with increased normal LDL-c level (figure 4). To estimate HR of each LDL-c level quartile for incident NAFLD, Cox's proportional hazards regression analyses were applied. As shown in table 3, the HR for NAFLD was 1.17 (95% CI 1.02 to 1.34), 1.57 (95% CI 1.40 to 1.80) and 2.09 (95% CI 1.85 to 2.36) for Q2, Q3 and Q4, respectively, in unadjusted model 1. After adjusted for age and gender, the HR was similar in model 1. Using a fully adjusted model (model 3), the relationship between LDL-c and NAFLD remained significant in Q2, Q3 and Q4 figure 1A and 1B shows the unadjusted and adjusted OR and HR of normal LDL-c levels for NAFLD in the cross-sectional and longitudinal nonobese population, respectively. These results indicate that high LDL-c, though within the normal range, may predict the incidence risk of NAFLD in the non-obese Chinese population.
DISCUSSION
To the best of our knowledge, this is the first study to investigate the relationship between LDL-c within the Figure 2 Prevalence and incidence rate of NAFLD in the cross-sectional population and the longitudinal population. The prevalence rate and incidence rate of NAFLD in the subgroups analysis including hypertriglyceridaemia (TG <1.7 mmol/L), low HDL-c (<1.03 mmol/L), blood pressure (BP <130/85 mm Hg) and FPG (<5.6 mmol/L) and non-metabolic syndrome all showed increasing trends with the increases in normal low-density lipoprotein cholesterol levels. BP, blood pressure; FPG, fasting plasma glucose; HDL-c, high-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease. normal range and NAFLD in a non-obese Chinese population. Our cross-sectional study showed that at baseline, the prevalence of NAFLD was 13.9% in nonobese participants with normal LDL-c levels. The prospective study demonstrated that a substantial proportion of participants developed NAFLD during the 5-year follow-up period, with a cumulative incidence of 14.4%. Our results showed that NAFLD is prevalent in the non-obese Chinese population enrolled in this study. The follow-up study showed that the number of individuals with NAFLD increased over 5 years. Rapid economic growth and certain lifestyle choices may have contributed to the development of NAFLD in non-obese Chinese people in recent years, and our results are in agreement with previous studies. 16 27 28 However, in previous studies, the relationship between the risk factor LDL-c and NAFLD was not fully described. First, in our cross-sectional study, the prevalence of NAFLD gradually increased as the LDL-c level increased. As NAFLD is closely linked to MS, this may partially explain why an elevated level of LDL-c appears to significantly increase the risk of NAFLD. Besides, we also noticed the association between some non-obese patients with normal metabolic indices and the prevalence of NAFLD. The prevalence rate of NAFLD in our stratified analysis with different groups of individuals with normal LDL-c levels showed a linear trend increasing under normal metabolic conditions. Second, logistic regression analysis further showed that elevated LDL-c level in the normal range made a significant contribution to the risk for NAFLD in non-obese individuals. Third, in our prospective longitudinal non-obese population, high LDL-c though within the normal range appears to increase the incidence risk of NAFLD.
Dyslipidaemia is a well-known risk factor for NAFLD. Especially, hypertriglyceridaemia plays an important role in the presence, development and regression of NAFLD in non-obese individuals. 17 18 27 29 Excessively high hepatic TG concentrations and hypertriglyceridaemia result from an increased influx of free fatty acids from visceral fat deposits and in the secretion of very lowdensity lipoprotein from the liver. Sinn et al 30 reported that NAFLD is an independent predictor of insulin resistance, irrespective of the number of the metabolic components of MS in non-obese Asian adults. In addition, insulin resistance is associated with the pathogenesis of NAFLD in non-obese individuals, irrespective of the presence of the MS. 18 Under conditions of insulin resistance, multiple metabolic abnormalities can conspire to increase the secretion of very low-density lipoprotein and increase the proportion of small dense LDL particles. 31 Therefore, insulin resistance may partially explain why elevation of LDL-c appears to significantly increase the risk of NAFLD in non-obese individuals.
In our study, we wished to demonstrate that the associations between normal LDL-c levels and NAFLD are also observed in patients with normal metabolic indices. The prevalence rate of NAFLD in our subgroup analysis increased under normal metabolic conditions. Moreover, the relationship between LDL-c and NAFLD remained statistically significant after adjusting for features of MS and other known confounding variables in multivariate logistic and Cox's proportional hazards regression analysis. The Framingham Heart Study had suggested that a fatty liver is associated with dyslipidemia and dysglycaemia and is independent of fat deposits, including visceral adipose tissue. 32 The MESA study indicated that primary lipoprotein abnormalities resulting in hepatic TG over production or impaired secretion, independent of insulin resistance may be responsible for NAFLD. 33 In addition, low-density lipoprotein receptorrelated protein 6 (LRP6) may explain some mechanisms of associating LDL-c with NAFLD. LRP6, a member of the low-density lipoprotein receptor family, plays an important role in lipid homeostasis, glucose metabolism and atherosclerosis. Impaired function of LRP6 may drive increased serum TG levels and serum LDL, and enhanced LDL deposition in the liver which are major risk factors for NAFLD, atherosclerosis and together constitute the major components of MS. 34 35 The interpretation of this study has some limitations. The main limitation is a lack of anthropometric parameters regarding central obesity, lifestyle and dietary factors. In addition, this study may be considered limited in that NAFLD was diagnosed by ultrasonographic methods, which cannot determine the severity of NAFLD. Nevertheless, ultrasonography is widely used in epidemiological surveys of NAFLD because of its safety, economical Figure 4 The Kaplan-Meier curves reflecting cumulative incidence rate of NAFLD in the longitudinal non-obese population according to quartiles of normal LDL-c level. Individuals with higher LDL-c level within the normal range had an increased cumulative incidence rate of NAFLD in non-obese individuals. p-Value for trend is computed from Cox's analysis. P trend <0.001. LDL-c, low-density lipoprotein cholesterol; NAFLD, non-alcoholic fatty liver disease. and practical utility. 5 Third, our initial study design did not allow for the examination of insulin levels and insulin resistance, although insulin resistance may be closely associated with NAFLD in non-obese individuals. 30 In conclusion, our results showed that NAFLD is prevalent in the non-obese Chinese population, and a substantial proportion of participants developed NAFLD during the 5-year follow-up period. In addition, we conclude that increased normal LDL-c levels are independently associated with an elevated risk of NAFLD in non-obese individuals. Furthermore, LDL-c evaluation and control of LDL-c should be a focal point for health checks in non-obese individuals, to improve the prevention and management of NAFLD.
